SLOTTED ELECTROSTATIC SHIELD MODIFICATION FOR IMPROVED ETCH AND CVD PROCESS 

UNIFORMITY 

RELATED APPLICATION 

f 1 The present application claims priority from U.S. provisional patent application serial no. 60/459,405 filed on 
April 1, 2003, bearing the same title, which is incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

lf2 This invention pertains generally to manufacturing of semiconductor and/or optoelectronic devices and, more 
particularly, to a method and apparatus for improving uniformity of etching or deposition of a thin film on a substrate in 
manufacturing of a semiconductor device. 

%3 In manufacturing semiconductor integrated circuit and optoelectronic devices, there are a number processing 
steps where layers of material are patterned or deposited on the substrate. The rate of etching or deposition of such 
material is often critical to the success of the process and the proper function of the transistors and interconnects in the 
integrated circuit or to integrated optical components. To guarantee high die yields, these rates must be tightly controlled 
and uniform across the entire wafer area. Often, such etching or deposition is done in a reactor where the plasma is 
generated by an inductively coupled source. 

1f4 Uniformity of etching, deposition rate or deposited fihn properties on each wafer in such a reactor depends on 
maintaining good uniformity of the flux with its reactive constituents, ions and radicals to the wafer. This requires a 
specific profile of power deposition into the plasma from the induction antenna. This profile, depending on the reactor 
shape and gas pressure, then makes the generation rates of ions and neutral reactive species nearly constant above the 
wafer. Both these rates are functions of the gas density and electron energy distribution and they must be reasonably 
uniform spatially. The energy of plasma electrons in inductively coupled plasma sources is provided by the radio 
frequency electric field tiiat is generated by the excitation coil or coUs. Such coil(s) often provide E-M energy to the 
plasma in the source in a non-axisymmetric way or distributed radially so that there are azimuthal or radially dependent 
(respectively) non-uniformities in the plasma adjacent to the wafer. Both non-uniformities need to be eliminated to make 
the plasma properties and the etching or CVD deposition rate uniform. 

f 5 Inductive coupling of RF power to the plasma in the source is typically done using an RF coil wound 
approximately helically around an axi-symmetric vacuum vessel. When powered by an RF power source, this coil 
produces both RF magnetic and electric fields in the source volume - if there is no electrostatic shield. While the 
inductive electric field (produced by the changing magnetic flux) is efficient in providing energy to electrons and 
maintaining the plasma, the electrostatic electric fields (arising from flie RF potential on tiie coil) are not necessary and 
can cause plasma potential modulation. This electrostatic electric field causes poorly controlled sheath potentials, 
electrical charge damage to the semiconductor and optical devices, and contributes to the sputtering of vessel material 
onto the substrate. In order to reduce these problems, a slotted electrostatic shield may be placed between the RF coil 
and the vacuum vessel (see, for example, U.S. Patent no. 5,534,231, issued to Savas and which is incorporated herein by 
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reference). Such a shield can significantly reduce the undesirable electrostatic fields from conducting displacement 
currents from the coil into the plasma - which then causes plasma potential modulation and the other aforementioned 
undesirable effects. An electrostatic shield of any type may be used with an inductively coupled plasma source, but for 
RF power to penetrate the shield, a slotted electrostatic shield has been found to be an effective approach. 

%6 Electrostatic shields, despite their known benefits for process control and avoidance of metal contamination, 
have up to this time been seen to have little potential for control of the uniformity of the plasma in inductively coupled 
plasma sources. Applicants are unaware of any attempt thus far to use electrostatic shields to control the uniformity of a 
plasma or a process using an inductively coupled plasma. 

^7 Referring to Figure 1, a prior art frustoconical-shaped electrostatic shield 101 is diagrammatically illustrated 
having a plasma generation coil 102 woimd about the shield and having evenly spaced slots 103 distributed about its 
circumference. Inside shield 101 is a plasma containing vessel 104. Slots 103 extend both above and below the coil turns 
so as to make magnetic field penetration more efficient. Such shields have virtually always been symmetrical with 
regularly spaced slots of constant width. Accordingly, such a shield configuration has little or no effect on plasma non- 
uniformity, either azimuthal or radial. Normally, the most persistent non-uniformity in such plasma sources is the radial 
non-uniformity. Until this time, the normal way to reduce this type of plasma non-uniformity to low levels has been to 
use a large plasma soiu-ce diameter. In order to achieve the few percent imiformity required in etching or CVD systems 
for semiconductors, plasma sources are normally almost twice the diameter of the wafers processed. Commonly, the 
plasma source is 14 inches to 16 inches in diameter to provide adequate uniformity for 8 inch wafers, whether shielded 
or not. Unfortunately, such large sources tend to require proportionally larger wafer transport chambers which makes the 
etching/CVD system more expensive and requiring proportionally more of the very expensive floor space in a 
semiconductor fabrication facility (Fab). This appears to be the situation to date, irrespective of the fact that there is an 
economic reason to make the plasma source of the Etch/CVD chamber as small as possible, consistent with the requisite 
process uniformity. 

f 9 Smaller size sources with good radial uniformity have been produced, but only so long as the pressure and 
power ranges of operation are small. Since the shape of the source has a strong influence on the radial variation in the 
plasma density, it can be made specifically to optimize uniformity for some narrow soiurce conditions. However, the 
source cannot then be used for processes with substantially different gas pressures or power levels. 

IflO This result obtains since the gas pressure strongly affects the transport of energetic electrons in the source and 
therefore the ionization rate profile. The ability of a plasma source to be useful at widely different pressures and gas 
conq)Ositions is very valuable for process versatility in the IC Fab. Yet, the economic benefits of die smaller sources are 
substantial and, therefore, it would be desirable to find a way to make such small sources flexible in the conditions for 
which uniform plasma density can be achieved. 

f 11 The azimuthal non-uniformity m the plasma density of a source can be significant for high RF frequency for 
plasma generation or non-helical excitation coil configurations. In the case of high RF frequency this is due to the 
variation of the RF current as a function of the position on the coil. Frequencies of 13.56 MHz for a 14-inch plasma 
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source typically result in variations of about 10% to more than 20% variation in the magnitude of the RF current on the 
excitation coil Therefore, the azimuthal non-uniformity can be substantial and this will cause there to be an azimuthal 
variation in the power delivered to the plasma. Such azimuthal variation in power injection will cause a similar type 
non-uniformity of the plasma density, whose magnitude will depend on the pressure of the gas in the source and its size. 
Yet, use of such a high frequency for powering the source offers benefits since the generators and matching networks are 
well understood and it is an ISM standard frequency. Therefore, it would be desirable to have an effective way to 
condensate for the non-axisymmetry of the power injection from a multi-tum excitation coil. 

fl2 It is submitted that, in flie prior art, the slot density or slot size in electrostatic shields has always been 
axisymmetric and unable to mitigate or reduce the azimuthal non-uniformity due to the asymmetry of power injection 
into inductively coupled plasma. For exanqjle, U.S. Patent no. 5,234,529, issued to Johnson, uses axially varying slot 
lengths or locations to adjust the axial location of a plasma formed in a cylindrical source, but assumes axisymmetry, as 
well as a proper (uniform) radial density of the plasma. In Johnson, the variable length slots, produced by a two-part 
shield, are used only with a cylindrical shield, that is disposed directly between the RF coil and the plasma chamber. 
Johnson explicitly teaches that this shield variability may be used for the purpose of adjusting the position of the plasma 
above the wafer. Specifically, Johnson teaches using the slot shape adjustment only for adjusting the location of the 
plasma and not at all the shape of the plasma. 

f 13 Accordingly, there remains an unfiilfilled need in the prior art to reduce or eliminate plasma azimuthal non- 
uniformity for purposes of enhancing the value of high frequency or non-axisymmetric inductively coupled sources in 
manufacturing processes. Moreover, it would be desirable to provide for uniform, adjustable radial plasma parameters. 

SUMMARY OF THE INVENTIQN 

f 14 In a system for processing a treatment object by applying a plasma related process thereto, an apparatus and 
method are described. In one aspect of the present invention, a more uniform plasma and process are implemented in a 
processing chamber for treating a treatment surface of the treatment object within the chamber using an inductively 
coupled plasma source which produces an asymmetric plasma density pattem at the treatment surface using a slotted 
electrostatic shield having uniformly spaced-apart slots. The slotted electrostatic shield is modified in a way which 
compensates for the asymmetric plasma density pattem to provide a modified plasma density pattem at the treatment 
surface. In one feature, a modified slot density pattem in a modified shield is formed such that a first portion of the 
modified slot pattem adjacent to a first region, which exhibits a reduce plasma density, provides an increased effective 
aperture that is greater than an average effective aperture of an overall modified slot pattem, to create a modified plasma 
density in the furst region which is greater than the reduced plasma density. In another feature, the increased effective 
aperture is provided by widening slots asjmmietrically within an overall, previously uniform slot pattern. 

f 15 In another aspect of the present invention, an apparatus and method are described having a processing chamber 
that uses an inductively coupled plasma source which produces a plasma density having a given radial variation 
characteristic across a treatment surface of a treatment object therein using a given electrostatic shield. An electrostatic 
shield arrangement is configured to replace the given electrostatic shield in a way which provides for producing a 
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modified radial variation characteristic across flie treatment surface which is different than the given radial variation 
characteristic. In one feature, the electrostatic shield arrangement produces the modified radial variation characteristic as 
being more constant across the treatment surface than the given radial variation characteristic. In another feature, the 
inductively coupled plasma source defines an axis of symmetry and the electrostatic shield arrangement is configured to 
include a shape that extends through a range of radii relative to the axis of symmetry. In still another feature, the 
electrostatic shield arrangement includes at least a first, inner shield member and a second, outer shield member. The 
inner shield member defmes a first aperture pattern and the outer shield member defines a second aperture pattern. The 
outer shield member nests proximate to the inner shield member. The outer shield member is rotated relative to the inner 
shield member to cause the first aperture pattern to cooperate with the second aperture pattern in a way which provides a 
range in the modified radial variation characteristic across the treatment surface. In yet another feature, a rotation 
arrangement senses the modified radial variation characteristic and rotates one of the inner shield member and the outer 
shield member responsive to a sensed value of the modified radial variation characteristic. In a continuing feature, the 
electrostatic shield arrangement is configured such that each of the inner shield member and the outer shield member are 
frustoconical in configuration. The inner shield member includes an inner shield sidewall and the outer shield member 
includes an outer shield sidewall such that the mner shield sidewall and the outer shield sidewall are adjacent to one 
another. In an additional feature, the electrostatic shield arrangement includes at least a first shield member and a second 
shield member. The first shield member defines a first aperture pattem, and the second shield member is supported for 
linear movement in relation to the first shield member in a way which produces a range in the modified radial variation 
characteristic across the treatment surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

f 16 The present invention may be imderstood by reference to the following detailed description taken in conjunction 
with the drawings briefly described below. 

f 17 FIGURE 1 is diagrammatic perspective illustration of a prior art electrostatic shield assembly and plasma 
source shown here to illustrate uniform and identically spaced apart slots that are formed in the shield assembly. 

^18 FIGURE 2 is a diagrammatic perspective illustration of a cylindrically shaped electrostatic shield of the present 
invention having a non-uniform slot distribution about its periphery for purposes of correcting azimuthal nonuniformity 
in a highly advantageous way. 

f 19 FIGURE 3a is a contour plot showing etch rate across the surface of a wafer produced using a conventional 
electrostatic shield having uniform slot distribution. The contour plots of Figure 3a exhibit considerable azimuthal 
nonuniformity. 

f 20 FIGURE 3b is another contour plot showing etch rate across the surface of a wafer produced using a modified 
electrostatic shield, which replaces the conventional shield in the system used to produce the contour plots of Figure 3a, 
having a nonuniform slot density distribution. The contour plots of Figure 3b exhibit a remarkable correction in the 
azimuthal nonuniformity, as compared to the plot of Figure 3a. 
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f 21 FIGURE 4 is a diagraimnatic perspective view illustrating one embodiment of an electrostatic shield assembly 
of the present invention having an enlarged region in each slot for purposes of adjusting radial nonuniformity. 

%22 FIGURE 5 is a dual plot of ion density versus radial distance, that is, a wafer edge to wafer center radial 
distance, having one plot produced using a conventional electrostatic shield and another plot produced using a modified 
electrostatic shield having modified slots so as to greatiy improve radial uniformity. 

f 23 FIGURE 6a is a flow diagram illustrating one implementation of a process for controlling the rotational position 
of one part of a multipart electrostatic shield assembly for use in optimizing radial uniformity. 

f24 FIGURE 6b is a flow diagram illustrating one implementation of a process for controlling the spatial 
relationship of one part of a multipart electrostatic shield assembly relative to other components of the assembly for use 
in optimizing radial uniformity. 

f 25 FIGURE 7a is a partial diagrammatic, elevational view of an inner shield member which forms one part of an 
electrostatic shield assembly defining a plurality of spaced apart slots, but only one of which slots is shown. 

f 26 FIGURES 7b-d are partial diagrammatic, elevational views of the inner shield member of Figure 7a having an 
outer shield member (only partially shown) arranged proximate to the inner shield member to show how an effective 
aperture can be varied by rotating the inner and outer shield members relative to one another. 

^27 FIGURES 7e-g are partial diagrammatic, elevational views of the inner shield member of Figure 7a having a 
different outer shield member (only partially shown) arranged proximate to the inner shield member to show how an 
effective aperture can be varied by rotating the inner and outer shield members relative to one another so as to produce a 
continuous change in the position of the effective aperture. 

f 28 FIGURES 8a and 8b illustrate a shield member in a partial diagrammatic, elevational view having a variety of 
exemplary slot shapes formed therein for use in moderating RF penetration. 

f 29 FIGURES 9a-9c are diagrammatic perspective views of a two-part electrostatic shield assembly, shown here to 
illustrate the overall configuration of the assembly and the way in which a magnetic control plate can be moved in a 
spaced apart relationship with the remainder of the assembly to vary RF magnetic field penetration. 

f30 FIGURE 10a is a diagrammatic perspective view of a two-part electrostatic shield assembly having inner and 
outer frustoconical shield members, each of which defme different slot shapes which cooperate with rotation of one 
shield member relative to the other in a way which changes the shape and area of each one of an overall pattern of 
effective apertures that is defined by the shield members. 

f 31 FIGURES lOb-lOd are diagranunatic, elevational views which illustrate a portion of the inner and outer shield 
members of Figure 10a, showing one effective aperture, with the inner and outer shield members in different relative 
positions, in order to show a few of the effective aperture configurations that can be obtained in this highly advantageous 
way. 
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f32 FIGURES lOe-lOf are diagrammatic, elevational views which illustrate a portion of the inner shield member of 
Figure 10a along with a modified outer shield member, again showing one effective aperture, with the inner and 
modified outer shield members in different relative positions in order to show a few of the effective aperture 
configurations that can be obtained in this highly advantageous way. 

f33 FIGURE 1 la is diagrammatic, perspective view of another two-part electrostatic shield assembly, shown here to 
illustrate the overall configuration of the assembly having a slotted fiiistoconical inner shield member and a slotted outer 
shield member configured to engage primarily a top portion of the inner shield member to vary RF magnetic field 
penetration with relative rotation between the inner and outer shield members. 

f34 FIGURES llb-lld are diagrammatic, plan views of the top portion of the shield assembly of Figure 11a, 
shown here to illustrate a few of the various effective aperture configurations that can be achieved with relative rotation 
between die inner and outer shield members. 

f35 FIGURE 12a is a diagrammatic, perspective view of a two-part electrostatic shield assembly having an inner 
shield resembling the inner shield of the assembly shown in Figure 1 la but with a magnetic control plate resembling the 
magnet control plate of the assembly shown in Figures 9a-9c and with the magnet control plate spaced apart from the 
inner shield to provide substantial RF magnetic field penetration. 

f36 FIGURES 12b- 12c are diagrammatic, perspective views of the two-part electrostatic shield assembly of Figure 
12a showing the magnetic control plate at an intermediate position with respect to the inner shield member and 
positioned on the inner shield member, respectively. 

DETAILED DESCRIPTION 

1f37 The following description is presented to enable one of ordinary skill in the art to make and use the invention 
and is provided in the context of a patent application and its requirements. Various modifications to the described 
embodiments will be readily apparent to those skilled in the art and the generic principles herein may be applied to other 
embodiments. Thus, the present invention is not intended to be limited to the embodiment shown but is to be accorded 
the widest scope consistent with the principles and features described herein. 

f 38 As described herein and has been empirically demonstrated during the development of the present invention, 
through suitable variations in the slot position and size in an electrostatic shield, interposed between coil and plasma 
Vessel in an inductively coupled plasma, the distribution of the power injected into a plasma source can be modified. 
Accordingly, the spatial uniformity of the plasma and, therefore, the process to which the plasma is directed can be 
substantially improved. Such processes include, for exanq)le, deposition processes, etching processes and essentially any 
process in which a planar workpiece surface is to be exposed to a plasma. This is of significant importance, as making 
the plasma density more uniform will also enable improvement, for example, of etch/strip uniformity when such an 
inductive coupled plasma is used for IC manufacturing. In general, two types of density improvements are contemplated: 
(1) an inprovement in a density distribution which has azimuthal non-uniformity, and (2) an improvement in a density 
nonuniformity tiiat is radial. Adjustment of both radial and azimuthal non-uniformities in a fixed manner with a single 
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piece shield are described, as well as automatically and variably adjusting such non-uniformities by using a two-or-more' 
piece shield in which one piece moves relative to the other. 



1139 The present application discloses the use of an electrostatic shield made of high conductivity material (such as 
metal) with slots normally running at least approximately perpendicular to the windings of the coil and parallel to the 
wall of the source. Such a longitudinal slot arrangement has been used almost universally in the prior art as described in 
the above incorporated Savas patent and the Johnson patent. As will be further described, what differentiates the present 
disclosure from the prior art is the use of either variable slot density around tiie source or varying slot length or width 
circumferentially in order to reduce the azimuthal or radial non-uniformity of the RF E-M field and consequentiy 
inq)rove the uniformity of wafer etch/strip. 

Azimuthal Densitv Adjustment 

f40 Having previously described Figure 1, reference is now made to die remaining figures wherein like reference 
numbers may be used to refer to like items throughout the various figures. Moreover, the figures are presented in a way 
which is diagrammatic in nature for purposes of enhancing the reader's understanding and are in no way intended as 
limiting. Further, the figures are not to scale and terminology such as, for exanqjle, up, down, right, left, top and bottom 
is utilized for descriptive purposes only and is in no way intended as being limiting with respect to operational 
orientations. 

%4l Attention is now directed to Figure 2 which diagrammatically illustrates one embodiment of an arrangement 
that is produced in accordance with the present invention and generally indicated by the reference number 200. 
Arrangement 200 includes a cylindrical shaped electrostatic shield 201 surrounded by a 2-tum RF induction coil 202. A 
plurality of slots formed in the shield run generally perpendicular to the direction of flie RF induction coil. A region 203 
is shown on the right (in the view of the figure) witii a lower density of slots and a region shown on the left with a higher 
density of slots. This shield was used to correct a plasma system tiiat, with a uniformly slotted shield, had a non-uniform 
plasma density and processing rate in which the plasma density on the right was higher than average and that on the left 
was less than average. That is, azimuthal non-uniformity was present in the unmodified system. This is corrected by 
using the non-uniformly slotted shield with fewer slots on the right to lower the RF power penetration and plasma 
density there and more slots on the left to raise the RF power penetration and plasma density there. In this exemplary 
embodiment, slots in the shield may be distributed with varying spacing (density) around the sides of an axisymmetric 
plasma source. A relative increase or decrease in slot density can be used to improve azimuthal uniformity of the plasma 
for either etch or deposition processes. 

f 42 If the source has a rounded dome shape (with symmetry axis effectively at the North Pole), then the slots are 
substantially parallel to the meridian lines. In such an embodiment, the excitation coil could be wound about part or the 
entire dome in a roughly spiraling manner such that the RF current is substantially azimuthal. The slot direction is 
thereby perpendicular to the azimuthal or circumferential direction about the symmetry axis. Slots may extend at least 
partially underneath the area covered by the coil Greater efficiency of power transfer into the plasma is achieved if the 
slots extend entirely through the region of the dome covered by the coils - both above and below the coil region. If the 
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source were a cylinder then the slots would be purely in the axial direction. 



1143 Figure 2 serves to illustrate the concept of variable slot density wherein the plasma source is cylindrical, 
although the concept may be applied to any source shape. The slots may extend axially under the area covered by the 
coils and preferably extend beyond the coil region both above and below, as is illustrated. The method for improving 
uniformity resides in first determining plasma density distribution with a shield having uniformly spaced slots. The 
density of slots may then be varied so that the slots are more closely spaced in regions where the plasma density has been 
found to be low and/or more widely spaced in region(s) where the density has been relatively high. Thus, the area with a 
higher slot density transmits more power and raises the local plasma density while the area which had high density 
receives less power after slot redistribution and thereby has reduced density. 

f 44 Referring to Figures 3a and 3b etching non-uniformity is mapped onto a wafer 220 in which contour lines 222 
show contours of equal etching rate. The contours are separated by an equal change in etch rate from one contour line to 
die next. The same source was used to generate the etch pattern of both figures. Figure 3a shows the etching rate map 
with a uniformly slotted shield. Evidently, the penetration of RF power into the plasma is not uniform azimuthally with 
the uniform shield and the etching rate is substantially higher on one side than the other. After changing the density of 
slots to a value that is one-half of the original value adjacent to the region of high density, the map of the etching rate is 
modified to appear as is shown in Figure 3b. Such a change in slot density is generally demonstrated in the right side 
region of shield arrangement 200 of Figure 2 having slots that are more spaced apart as conpared to the slot spacing on 
the left side. In general, the density of slots is increased adjacent to regions of low etch rate and decreased adjacent to 
regions of high etch rate to adjust and make the etching rate more uniform. Comparison of the etch patterns seen in 
Figures 3a and 3b illustrates a remarkable improvement in azimuthal uniformity. Clearly, the reduced density of slots has 
shifted the maximum density region close to the center of the plasma and thereby the wafer center. 

%4S Since the E-M power penetration into the plasma has also been found to be a monotonically increasing function 
of the width or length of the slots, die present invention provides for adjustment of the plasma density so as to be more 
uniform by varying the width (or length) of the slots around the circumference of the source. In this case, the center-to- 
center distance between slots can be kept constant but the width/length varied. Thus, more power is injected in regions 
where the slots are wider (slots may be made wider over only part of their length - which may be concentrated at the 
ends of the slots to minimize electrostatic field penetration) or longer (where the density has been low) and less power is 
injected in region(s) where the slots are narrowed or shorter (where the density has been high). 

1f46 These methods, singly or in combination, can fiiUy adjust the azimuthal non-uniformity of the plasma and 
thereby leave the plasma density (and etching rate or CVD properties) axisymmetric about the symmetry axis of the 
source. Such techniques rely on azimuthal variation of the slot characteristics - where slots are generally elongated 
perpendicular to the azimuthal direction. 

Radial Density Adjustment 

1f47 There is a class of slot modifications that will decrease the radial non-uniformity of the plasma and even do so 
automatically. In one embodiment, this applies to a plasma source in which die coil is adjacent to a slotted electrostatic 
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shield. There are generally two methods that will accompUsh radial adjustment of density. First, the slots may be 
lengthened or shortened at one end or the other, or second, the width of slots may be changed nearer (or at) one end of 
the slots than the other or along their entire length. 

f 48 Referring now to Figure 4, a conical shield arrangement, produced in accordance with the present invention, is 
generally indicated by the reference number 400. Shield arrangement 400 includes an electrostatic shield 401 with a 
plasma generation coil 402 wound about the shield and evenly spaced slots 403 distributed about its circumference. 
Inside the shield is a plasma containing vessel 404. Slots 403 extend both above and below the coil turns so as to make 
magnetic field penetration more efficient. The slots are defined having an enlarged portion or enlarged aperture 405 at 
the lower/outer end so as to allow more magnetic field penetration. It has been enq)irically demonstrated that enlarged 
portions 405 serve to increase the density at the outer reaches of the plasma and thereby increase etching rate at the outer 
periphery of the wafer. Apertures 405 have the effect of moving the plasma lower in the plasma vessel and increasing the 
RF penetration at the outer edge of the plasma vessel while relatively reducing the RF penetration at the center of the 
plasma vessel, thereby changing the radial uniformity of the plasma and the resultant radial etch or deposition uniformity 
of wafers processed in this environment. It should be appreciated that the shape of the enlarged portions of the slot may 
be modified in a wide variety of ways while still providing the advantages brought to light herein. In terms of modifying 
a shield member as described throughout this disclosure and in the appended claims, it is contenq^lated that the original 
shield member can be changed, in some instances, for example, by widening apertures such as slots or by forming new 
apertures while, in other instances, it may be necessary to provide a new/modified shield member, for exanq)le, when an 
existing arrangement of apertures inconq)atibly overlaps the desired modified pattern of apertures that is to be 
formed.Figure 5 illustrates actual measured ion density in a plasma soiurce having another form of modified shield, yet to 
be described, as compared to the ion density that is present using a uniform shield. Ion density is plotted against distance 
measured radially from the outer edge of the wafer to the center of the wafer. A frustoconical shield configuration is 
used, appearing as shown in Figure 4. Ion density using the unmodified shield is indicated by the reference number 420, 
while the modified ion density provided by the modified shield is indicated by the reference number 422. Plot 420 
(shown as a solid curve) is produced in the source with an electrostatic shield having slots extending over the top of the 
source. That is, extending above coil 402 in the view of Figure 4. When part of the slots closest to the axis of the source 
is blocked (a top portion of slots 403 in the view of the figure), the density in the center is reduced, as shown by the 
dashed curve 422 in Figure 5. It is noted that the density at the edge of the plasma (hence, at the outer edge of the wafer) 
is nearly unchanged when comparing the plots, indicating that the power deposition in the plasma there is essentially 
unchanged. The slots may be blocked in any appropriate manner such as, for example, by using metal covers. In another 
embodiment, a magnetic field control plate made of conducting material may be moved, toward and away from the 
electrostatic shield, wherein the control plate is controUably moved, as will be seen with reference to subsequent ones of 
the figures. 

1150 In an automatic plasma tuning implementation, real-time inputs can be enqjloyed using sensors measuring 
parameters at a wafer surface such as, for example, etch and/or deposition rates at specific positions on the surface of the 
wafer. For instance, deposition and etch rates can be measured for certain materials using optical reflectometry. 
Moreover, any suitable optical emission techniques can be used to measure etch and/or deposition rates at localized. 
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spaced apart positions for use in determining uniformity. A wide variety of motor and control arrangements may be used 
in such automatic implementations. 

f 51 Figures 6a and 6b illustrate automated control schemes for operating a two-part electrostatic shield assembly. In 
particular Figure 6a illustrates a method generally indicated by the reference number 440 for operating a rotatable shield 
member. With this control scheme, the outer or top shield of the assembly is rotated to vary the radial RF penetration 
into the plasma vessel by varying the resultant shape or size of the slots (i.e., effective apertures) that results from a 
rotation of the two overlaying patterns of openings in each of the separate shield components, as will be further 
illustrated by subsequent ones of the figures. At step 442 suitable measurements indicative of uniformity are performed. 
Step 443 determines whether the result of the uniformity measurement is acceptable. If the uniformity is acceptable, step 
444 leaves the shield in its current position. If the uniformity is outside the required tolerance, step 446 conpares the 
wafer center uniformity (e.g., etch rate or deposition rate) to the wafer edge uniformity. If the wafer center process rate is 
low, step 447 rotates the rotatable shield portion in a direction which increases the wafer center process rate. In the 
present example, this direction is indicated as being counter clockwise. The change in rotational orientation is a function 
of process rate differential from center to edge or plasma density differential. On the other hand, if the wafer center 
process rate is high relative to the wafer edge process rate, step 448 rotates the rotatable shield portion in an opposite 
direction (clockwise in the present example) to decrease the wafer center process rate. This overall procedure may be 
repeated in any suitable manner throughout the overall processing of the wafer.Figure 6b shows a control scheme for 
operating shield portions that can be spaced-apart to influence radial uniformity. With this control scheme, the outer or 
top shield of the assembly is lifted to vary the radial RF penetration into the plasma vessel by varying the resultant shape 
or size of the slots that results from a change in the gap between the two separate shield con^onents, as will be further 
described with reference to subsequent ones of the figures. The technique utilizes most of the steps previously described 
with respect to Figure 6a and these steps are arranged in essentially the same manner. Step 447, however, is replaced by 
step 449 which increases separation of the shield portions so as to increase the relative wafer center process rate, while 
step 450 decreases separation of the shield portions so as to decrease the relative wafer center process rate. The change in 
distance between the two parts of the shield arrangement changes process rate from wafer center relative to wafer edge. 

f 54 As an alternative, a method may be employed in which off-line measurements may be taken across a treatment 
surface to determine uniformity parameters. Thereafter, adjustments may be performed to influence treatment in a 
desired way such as, for example, to enhance uniformity. 

^55 In case slots are blocked or widened more toward one end of the slots than the other, the distribution spatially of 
the RF E-M radiation penetrating the shield is changed. Blocking or widening slots shifts the radial plasma generation 
profile due to a change in the distribution of power absorbed in the plasma. This then causes a changed distribution of 
electron heating and, as a consequence, the radial profiles of the ionization rate, plasma density and etching rate are 
changed. 

%S6 In one embodiment, the top of the plasma source may be a truncated conical shape with the center aperture of 
the source being higher than the uppermost edge of the shield. (Similar to the source in Figure 4). In this case, when the 
slots in the shield are lengthened or widened at the bottom (which is more distant from the axis), it permits mcreased E- 
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M radiation penetration at or across a larger radius in the plasma. If, on the other hand, the slots are narrowed or blocked 
entirely closer to the center axis of the reactor, it causes the plasma density at the edge of the wafer to increase relative to 
that at the center of the wafer, due to greater power injection at the outer radius. Toward the puipose of making the 
plasma more uniform, this latter alteration in the shield would con:q)ensate for the unmodified plasma density being 
higher toward the center, increase the density and etch rate at the edge and result in a more uniform etch/strip process. 

^57 In another embodiment of the present invention, the shield may consist of two parts, one fixed with a given slot 
configuration and a second part at least partially overlaying it with a slotting pattern which is complementary to that in 
the first part. Such a pattern, for example, could include slots of constant width in the first part and triangular slots with 
the same center-to-center angular spacing in the second part. As the second part is made to rotate with respect to the first 
part, the length of the slots changes and the radial distribution of power into the plasma is made to change with a 
consequent shift in the distribution of the plasma density and the etching rate. 

f 58 Figures 7a-d diagrammatically illustrate the operation of an embodiment having an inner shield member 452 
and an outer shield member 453, each of which is only partially shown. Such multi-piece shield arrangements, like a 
single piece shield, may be formed using any suitable metal such as, for example, aluminum or copper and using any 
suitable metal forming techniques such as, for example, machining, rolling and welding. These figures depict how 
rotating the outer shield of a two-part electrostatic shield assembly can vary the height of an effective slot relative to the 
position of the RF induction coil (only partially shown). Even though only one slot arrangement is shown, it will be 
appreciated that any number of slots may be formed within the same shield assembly. Figure 7a illustrates inner shield 
member 452 and an induction coil 454 without the outer shield member, for purposes of clearly defining these features 
with respect to the outer shield member. The inner shield defines an inner shield slot 456. Figure 7b additionally 
illustrates a cut out section of outer shield member 453 overlaying inner shield member 452. A staggered aperture pattern 
458 is defined by this section of outer shield member 453. Cooperation of the inner and outer shield results in defining 
an effective opening/aperture 460 extending upward firom the lowermost end of inner shield slot 456. As will be seen, 
relative rotation of the two shield members results in a vertical movement of the effective opening. 

f 59 Figure 7c depicts how rotating the outer shield of the two-part electrostatic shield assembly can vary the height 
of the slot relative to the position of the RF induction coil position. Specifically, the inner and outer shield positions 
cooperate to defme an effective opening 460* that is of a length that is approximately equal to the length of effective 
aperture 460 in Figure 7a, but which is moved upward so as to be centered with respect to induction coil 454. This 
change, like any other such change in the relative slot positions, changes the radial plasma density which will have a 
resultant effect on the radial uniformity of an etch or deposition process. 

%60 Figure 7d illustrates a fiirther change in the rotational relationship between inner shield 452 and outer shield 453 
so as to produce an effective aperture 460" that is displaced upward by an amount that is opposite of the position of 
effective aperture 460 in Figure 7a with respect to induction coil 454. This change in the relative slot position will 
change the radial RF field penetration into the associated plasma vessel (not shown) and have a corresponding effect on 
the radial plasma density which will have a resultant effect on flie radial uniformity of an etch or deposition process. 
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1161 Referring again to Figures 7a-d, an aperture of a fixed length can be moved along the length of an unmodified 
slot in a highly advantageous way. The change in the relative height of the effective slot can be mcremental or 
continuous using the depicted concept, as will be further described. Other opening patterns can be used to achieve 
different rates of RF penetration change relative to the rotation of the two shield con5)onents. It should be appreciated 
that this concept can be applied in a wide variety of ways in view of this description. For example, outer shield 453 can 
define a slot corresponding to the full length of slot 456 for alignment therewith to selectively provide an effective 
aperture of this full length. As another example, the patterns in the inner and outer shields may be exchanged. 

f62 In Figures 7e-g, outer shield 453 of Figures 7b-d has been replaced with a modified outer shield 462, only a 
section of which is shown defining an outer shield aperture 464. This outer shield aperture is representative of a 
geometric shape having continuous, rather than stepped edges, so as to produce a continuous change of effective aperture 
with respect to one or both of aperture length and vertical position as the inner and outer shield members are moved to 
change their relative positioning. Figure 7e illustrates an alignment between inner shield aperture 456 and outer shield 
aperture 464 cooperating to define an effective aperture 466 extending upward fi-om a lowermost end of slot 456 and 
having an overall parallelogram shape. Figures 7f and 7g illustrate different positions of effective aperture 466 with 
further rotation of one shield member relative to the other shield member. Accordingly, the position of the effective 
aperture can be changed in a continuous manner to vary the height of the effective aperture relative to the position of RF 
induction coil 454. That is, this embodiment provides for continuous modification of the slot position as well as the 
capability for varying the effective length of an upper and lower effective aperture proximate to the ends of unmodified 
slot 456. This change in the relative slot position will change the radial RF field penetration into the associated plasma 
vessel (not shown) and will have a corresponding effect on the radial plasma density which will have a resultant effect on 
tiie radial uniformity of an etch or deposition process. Many other opening patterns can be used to achieve different rates 
of RF penetration change relative to the rotation of the two shield con:q)onents. All of these modifications are readily 
performed having this overall disclosure in hand. 

f 63 Figure 8a depicts a shield member 470 having a variety of different shaped slots formed therein to serve as 
examples of a few of the many various slot shapes, most of which are asymmetric, that can be used to moderate the RF 
penetration into an associated plasma vessel (not shown). Each shape (generally used with other slots of the same or a 
similar shape) will result in different radial RF penetration into the associated plasma vessel, thereby each shape will 
affect the result plasma density and radial uniformity over a range of plasma process parameters such as, for exanq)le, 
pressure, power, gas type, gas flow and bias. It is noted that these shapes can be used in one-piece shields or in two-piece 
shields cooperating with other suitable shapes. 

^64 Figure 8b again depicts shield member 470 having another variety of different shaped slots formed therein to 
serve as examples of a few of the many various symmetrical slot shapes that can be used to moderate the RF penetration 
into an associated plasma vessel (not shown). Again, each shape will result in different radial RF penetration into the 
associated plasma vessel, thereby each shape will affect the resultant plasma density and radial uniformity over a range 
of plasma process parameters. It is again noted that these shapes can be used in one-piece shields or in two-piece shields 
cooperating with other suitable shapes. 
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f 65 It is noted that the shapes in figures 8a and 8b will effect the radial non-uniformity when they are part of a 
shield that is configured to include a shape that extends through a range of radii relative to an axis of symmetry of the 
plasma source. As non-limiting exan^les, the shield may be conical, fiiistoconical, trapezoidal (in cross section) or 
dome-shaped. In these cases, the field will be enhanced in the lower region of the vessel. Of course, these shapes may 
be inverted to enhance the field in the upper portion of the vessel. 

f 66 Attention is now directed to Figure 9a which illustrates another embodiment of the electrostatic shield 
arrangement of the present invention, generally indicated by the reference number 500. Arrangement 500 includes a 
magnetic field control plate 502 that is movable in relation to a slotted frustoconical shield member 504 that is arranged 
around a plasma source (not shown). A lift motor 506 is connected to control plate 502 by a shaft 508 for use in moving 
the control plate in relation to shield member 504. It is noted that automated control may readOy be implemented based 
upon Figures 6a-b and their associated descriptions appearing above. 

f67 Figure 9a shows plate 502 arranged at least approximately on shield member 504 such that the control plate 
appears much as a "hat", while Figures 9b and 9c serve to show plate 502 moved to positions that are spaced apart from 
the shield member. Using such relative movement, the RF field penetration into the center of the associated plasma 
vessel is affected by changing the gap distance between the magnetic field control plate and the electrostatic shield. The 
gap can be zero or it can be large. When the gap is large (Figure 9c) with the control plate a distance "d", magnetic field 
penetrates into the vessel with a higher relative density at the center of shield member 502 than when the gap is small. 
This is caused by the large open area at the top of the vessel (shield member 504), between the shield and the control 
plate, where large field densities can penetrate through. With the control plate at the lowest position (Figure 9a), where 
the gap between the shield and control plate is zero, the magnetic field lines that would have been able to penetrate the 
center of the vessel with little in^jediment are now be conqjletely inqjeded. As a resuh, plasma density is relatively 
higher at the outer radius of the vessel and thereby the wafer (not shown). This ability to vary the magnetic flux density 
allows control of the radial etch or deposition uniformity. 

%6S Still referring to Figures 9a-c, the bottom part of the shield arrangement generally is the slotted part and may 
have the largest part of the induction coil adjacent to it, although diis is not a requirement. The slots in the lower part 
may be long enough that they extend all the way to the top of the bottom shield member, as shown, although this is not a 
requirement. The top section (i.e., the magnetic control plate) of the arrangement is generally lacking in slots and thick 
enough so that it does not allow magnetic flux to penetrate it. Again, when this top part of the shield is removed or 
vertically raised significantly, it allows a large amount of magnetic flux to enter the center of the source and pass into the 
plasma. The increased field penetration at the center increases the E-M power injection and the plasma density there and 
therefore increases relative etch/strip rate at the center of the wafer. Such a shield top may be moved up to allow more 
power penetration in the center or moved down to allow less power penetration there. 

t69 In using the embodiment of Figures 9a-c, induction coil 454, illustrated diagrammatically using circles outward 
of the shield assembly (only shown in Figure 9a, although the coil is understood to be present in the remaining figures), 
and shield arrangement 500 may be configured so that die plasma density (and etching rate) is uniform at low gas 
pressure with control plate 502 of the shield adjacent to the plasma source. When the gas pressure in the source is raised, 
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the density and etching rate are decreased nearer the center part of the plasma. In this higher pressure situation, the top 
part of the shield may then be raised some distance so that more power is coupled nearer the plasma center. If the shield 
is properly configured, the plasma density and etching rate may again be raised in the center and made roughly equal to 
that at the edge. Thus, the moving of the top part of the shield becomes a means of adjusting the radial distribution of 
power injection to condensate for the reduced electron heat transport and make the plasma remain uniform. In 
practicing this embodiment, one may pre-determine what the precise dimensions of the shield top and source 
configuration should be so that movement of the top causes the plasma density and etching rate to be more uniform 
under the desired range of pressures. 

1(70 Referring to Figures lOa-d, still another embodiment of the electrostatic shield assembly of the present 
invention is generally indicated by the reference number 600. Assembly 600 varies RF field penetration into the plasma 
vessel (not shown) through the relative rotation of the two different conqsonents of the assembly. While both 
conqjonents could move, it is more convenient to hold one part stationary and to only move the other part. Shield 
assembly 600 is made up of a stationary inner shield 602 defining a plurality of rectangular slots 604 and a rotatable 
outer shield 606 defining a plurality of trapezoidal-shaped apertures 608. Such rotation is accon^lished using a motor 
609a rotatably connected to outer shield 606 by a shaft 609b for rotation by as indicated by an arrow 609c. Motor 609a 
may be controlled using a suitable controller 609d. Such a control arrangement is readily inq)lemented and may be used 
to provide rotational control for any embodiments which require it. Slight modification provides control in which linear 
rather than rotational movement is employed. It is noted that any suitable shape "slot" (generically, an opening) may be 
used in combination with any suitable shaped "aperture" and that the present illustration is in no way intended as being 
limiting. 

f72 Figures lOb-d illustrate the operation of shield arrangement 600 by showing enlarged views of portions of inner 
shield 602 and outer shield 606 including one of slots 604 and one of apertures 608, respectively, in three of an unlimited 
number of mutual orientations with relative rotation. In this figure, the top height and width of an effective aperture is 
adjustable. Figure 10b illustrates an effective aperture 610 that is rectangular but more narrow than slot 604 of the inner 
shield member while the length of the effective aperture is unchanged relative to slot 604. Figure 10c illustrates an 
effective aperture 610* wherein the upper extents are narrowed relative to slot 604. Figure lOd illustrates not only a 
narrowing of the upper extents of an effective aperture 610", but a reduction in its height con5)ared to slot 604. 
Accordingly, the effective aperture size is reduced or increased relative to the fixed position of the RF induction coil (not 
shown) and a fixed bottom position of the effective apertures is provided, thereby changing the RF penetration into an 
associated plasma vessel (not shown). Other opening patterns can be used in the shields to create different RF 
penetration densities. 

^73 Figures lOe-g illustrate shield arrangement 600 using a modified outer shield member 606'. Essentially 
apertures 608 of Figures lOa-d are inverted and indicated using the reference number 608' in Figures lOe-g. Accordingly, 
uppermost extents of an effective aperture 610' is preserved while the lowermost extents of the effective aperture can be 
decreased in width or the effective aperture can be progressively shortened. That is, the bottom position of the slots is 
reduced or increased relative to the fixed position of the RF induction coil (not shown) and a fixed top position of the 
slots is provided, thereby changing the RF penetration into an associated plasma vessel (not shown). Specifically, Figure 
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lOe illustrates an effective aperture 620 having the full length of slot 604 but a reduced width. Figure lOf, illustrates an 
effective aperture 620' having a narrowed lower portion, while Figure lOg illustrates an effective aperture 620" having a 
still further narrowed lower portion. As mentioned, other open patterns can be used to create different RF penetration 
densities. 

^74 Again considering the aforedescribed invention by Johnson, only a cylindrical shield is taught. The highly 
advantageous two-part slotted shield of the present invention, for varying plasma radial uniformity, is not a cylindrical 
shield. The present invention recognizes that a shield with a shape that covers a range of radii relative to the symmetry 
axis of the system (i.e., part of a cone surface, flat-top, or dome surface) is highly advantageous. With this type of shield, 
the slot variability is capable of producing a change in the radial distribution of power injection into the plasma. This 
change in the power injection distribution results in a change in the radial density distribution of the plasma. 

%15 Figure 11a illustrates a modified form of the electrostatic shield embodiment shown in Figure 10a, generally 
indicated by the reference number 700. This figure depicts a two part electrostatic shield assembly whereby the RF 
penetration into the associated plasma vessel (not shown) is controlled by rotation, illustrated by arrows 702, of a top 
portion 704 of a two-part electrostatic shield assembly. The assembly also includes a bottom portion 706 having a 
sidewall 708 defining an upper periphery and a top wall 710 which extends inward from and is contiguous with the upper 
periphery of sidewall 708. Induction coil 454 is diagrammatically shown and is arranged adjacent to sidewall 708. It is 
noted that top portion 704 is shown spaced away from bottom portion 706 for purposes of illustrative clarity and is to be 
moved to its operational position as indicated by an arrow 711. Sidewall 708 cooperates with top wall 710 to define a 
plurality of spaced apart slots 712 in bottom portion 706 of the shield assembly. In this example, however, each one of 
slots 712 is defmed having a lowermost end 714 that is spaced away from a lowermost edge of the bottom part of the 
shield assembly. Slots 712 are continuous and extend into top wall 710 toward its center. Each slot 712 has an overall 
wedge-shaped configuration. 

f 76 Still referring to Figure 1 la, top portion 704 of shield enibodiment 700 includes a generally planar center plate- 
like member 716 and a peripheral downwardly extending rim 718. Top portion 704 defines a plurality of wedge-shaped 
slots 720 that are selectively, rotatably alignable with uppermost portions of slots 712 in the bottom portion of the shield 
assembly. This figure shows the top portion of the shield aligned to allow maximum RF field penetration. Again, the top 
shield portion is shown lifted away from the bottom portion only for the purpose of demonstrating the alignment of the 
slot patterns in both of the shield components. 

f 77 Turning to Figures 1 Ib-d in conjunction with Figure 1 la, each of these figures comprises a diagrammatic plan 
view of shield assembly 700 having the top and bottom shield portions rotated into different relative positions. It is noted 
that only the uppermost planar portions of the shield menibers have been diagrammatically illustrated for purposes of 
simplicity. In Figure 1 lb, slots 720 in the top shield portion are substantially aligned with slots 712 in the bottom shield 
portion. Therefore, the two parts of the shield assembly are aligned so as to con:q)letely open the slots on the top of the 
shield assembly, thereby defining relatively larger effective apertures 722 at the top of the overall assembly. In Figure 
11c, the two shield portions are arranged so as to partially close the slots on the top of the shield assembly, thereby 
reducing the relative size of the effective aperture, indicated as 722', at the top of the overall shield assembly. In Figure 
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1 Id, the two shield portions are rotationally aligned so that the effective apertures on the top of the shield assembly are 
conq)letely closed, thereby minimizing RF penetration into the center of the associated plasma vessel (not shown). 

^78 Referring to Figure 12a, an electrostatic shield assembly, produced in accordance with the present invention, is 
generally indicated by the reference number 800. Assembly 800 resembles shield assembly 500 of Figures 9a-c with a 
few exceptions to which the present description will be limited for purposes of brevity. Specifically, shield assembly 800 
includes a bottom shield portion 802 which is essentially the same as bottom shield portion 706 of Figures lla-d. A 
magnetic control plate 804 is moved in the manner shown with respect to Figures 9a-c in a way which varies RF field 
penetration at the top of the shield assembly. This movement is indicated by a double-headed arrow 806. Figure 12b 
shows control plate 804 at an intermediate position in relation to bottom shield portion 802 while Figure 12c shows 
control plate 804 positioned on bottom shield portion 802. 

^79 While the present disclosure describes the modification of plasma density in terms of identifying areas of lower 
density and then increasing the plasma density in that area by increasing the effective shield aperture proximate to that 
area, it is considered to be equally effective to reduce the effective shield aperture proximate to areas having a higher 
plasma density. Either approach produces an identical conceptual result. 

^80 Although each of the aforedescribed physical embodiments have been illustrated with various components 
having particular respective orientations, it should be understood that the present invention may take on a variety of 
specific configurations with the various conqjonents being located in a wide variety of positions and mutual orientations. 
Furthermore, the methods described herein may be modified in an unlimited nmnber of ways, for example, by 
reordering, modifying and recombining the various steps. Accordingly, it should be apparent that the arrangements and 
associated methods disclosed herein may be provided in a variety of different configurations and modified in an 
unlimited number of different ways, and that the present invention may be embodied in many other specific forms 
without departing fi-om the spirit or scope of the invention. Therefore, the present exanples and methods are to be 
considered as illustrative and not restrictive, and the invention is not to be limited to the details given herein. 
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